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ABSTRACT We examined the association of mortality and dietary patterns using data from the National Health
Interview Surveys of 1987 and 1992 (n = 10,084), aged =45 y at baseline (with 2287 deaths due to all causes over
5.9 median years of follow-up). The ~60-item FFQ administered at baseline was examined for mentions of foods
and dietary behaviors recommended in current dietary guidance (fruits, vegetables, lean poultry and alternates,
low-fat dairy, and whole grains), and the resulting patterns were expressed as follows: 7) a Recommended Foods
and Behavior Score (RFBS), 2) factor scores from factor analysis, and 3) clusters from cluster analysis. The
multivariate-adjusted relative risk (RR) of mortality for each of the 3 types of dietary patterns was examined using
Cox proportional hazards regression analysis. In men, RR of all-cause mortality was 0.72 (95% CI: 0.56, 0.92, P for
trend < 0.001) for RFBS, and 0.74 (95% CI: 0.57, 0.95, P for trend = 0.002) for the fruit-vegetable-whole grain
factor score when comparing extreme quartiles. Membership in 1 of the 4 clusters also was associated with lower
risk in men (RR = 0.82, 95% CI: 0.66, 1.01). For women, the RFBS was a modest inverse predictor of mortality after
multivariate adjustment (RR = 0.80, 95% CI: 0.61, 1.04, P for trend = 0.04), but estimates for factor and cluster
patterns were attenuated. The population-attributable fraction due to diet was 0.16 in men and 0.09 in women.
Dietary patterns characterized by compliance with prevailing food-based dietary guidance were associated with a

lower risk of all-cause mortality.
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Present day dietary guidance reflects our understanding of
the roles of various dietary constituents in altering the risk of
chronic diseases (1-3). Evidence for these diet and health
associations has traditionally come from studies that focused
on single nutrients, foods, or food groups in relation to par-
ticular health outcomes (1). In recent years, dietary patterns,
loosely defined as multiple dietary attributes operationalized as
a single exposure, have emerged as an alternative or adjunct to
traditional approaches for the study of the association of diet
and health (4-6). The study of diet and disease associations
with the dietary patterns approach has intuitive appeal be-
cause it tends to reflect the multidimensional nature of dietary
behaviors and the intercorrelation of nutrient metabolism and
utilization in vivo (4,5). Consequently, a number of papers
that examined health outcome in relation to dietary patterns
derived from 1 of 3 possible approaches have appeared in the
literature (4,5). The prevailing approaches for determining
dietary patterns include simple or complex scores derived from
assessment of desirable dietary characteristics and statistical
techniques of factor and cluster analysis (5).
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Recently, we reported that dietary patterns characterized by
at least weekly intake of foods recommended in current dietarz
guidance, assessed by a Recommended Foods Score (RES),
were associated with a lower risk of all-cause mortality in a
large screening cohort of women (Breast Cancer Detection
and Demonstration Project or BCDDP) (7). However, given
the nonrepresentative nature of the BCDDP screening cohort,
we wished to extend our previous work and examine the
following: 1) whether dietary patterns consistent with current
dietary guidance predict the risk of mortality in a nationally
representative cohort, and 2) whether dietary patterns derived
from different approaches are comparable in predicting the risk
of mortality.

SUBJECTS AND METHODS

We used data from the National Health Interview Surveys
(NHIS) 1987 and 1992 for the present study. The NHIS is conducted

3 Abbreviations used: BCDDP, Breast Cancer Detection and Demonstration
Project; NCHS, National Center for Health Statistics; NDI, National Death Index;
NHIS, National Health Interview Surveys; PCA, principal components analysis;
RFBS, Recommended Foods and Behavior Score; RFS, recommended foods
score.
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annually by the National Center for Health Statistics (NCHS) to
provide information on health and disability within the civilian
noninstitutionalized population of the United States (8). The NHIS
is a cross-sectional household survey with continuous sampling and
in-person interviewing throughout the year. The NHIS sample is a
stratified multistage area probability sample of U.S. households (8).

The NHIS fielded from 1982 to 1996 included 2 parts: 1) a set of
basic health and demographic items (core questionnaire), and 2) 1 or
more sets of supplemental questions on topical health issues (8). The
NHIS core questionnaire was unchanged through this period,
whereas the current health topics in the supplement changed on the
basis of data needs (8). In the 1987 and 1992 survey years, the
supplement part of the NHIS questionnaire comprised a set of ques-
tions on cancer risk factors along with an abbreviated Block/
NCI FFQ.

For the NHIS 1987 and 1992, the interviewed sample for the core
questionnaire included 122,859 and 128,412 persons, respectively
(9,10). The response rate for the core questionnaire was 95% in 1987
and 96% in 1992 (9,10). For the Cancer Risk Factor supplement
fielded with NHIS 1987, a total of 22,080 questionnaires were com-
pleted, representing 1 adult person > 18 y of age, selected randomly
from each household. For the Cancer Risk Factor supplement fielded
with NHIS 1992, a total of 12,005 questionnaires were completed
between January and July 1992. The supplement was not fielded after
the first half of 1992 due to budgetary constraints. The response rate
for the identified eligible respondents for the supplement for both
years was ~86%. Self-response was required for the supplemental
questionnaire (9,10).

Follow-up information on the NHIS respondents. The NCHS
has collected information to allow linkage of the NHIS respondents
= 18 y old with the National Death Index (NDI) beginning with
survey year 1986 (11). This linkage information allows matching of
the NHIS respondents with NDI and other data collected by the
NCHS. The linkage thus provides a longitudinal passive follow-up
(respondents were not recontacted or reinterviewed) component to
the NHIS that permits determination of vital status and allows
estimation of survival, mortality, and life expectancy in relation to
information collected in the core or supplemental NHIS question-
naires. Linkage information was available through Dec. 31, 1997.

The NCHS calibrated the NDI matching for NHIS against 2
studies in which vital status was ascertained by active follow-up (the
National Health and Nutrition Examination Survey I Epidemiologic
Follow-up Study and the Longitudinal Study of Aging). The NHIS
matching methodology correctly classified 97% of true matches and
97% of false matches in these 2 studies (11).

Dietary assessment method. In both the NHIS 1987 and the
NHIS 1992, a ~60-item semiquantitative FFQ, developed by Block
and colleagues, was used to collect dietary information (12,13). The
validation of this instrument included comparison of estimated in-
takes of energy and nutrients obtained from the FFQ with those
obtained from multiple 24-h recalls and dietary records (12-14). The
questionnaire included queries about frequency of consumption and
portion size of food items consumed over the past year. The FFQ also
included questions about dietary behaviors related to removal of
poultry skin or fat from red meat. The FFQ used in 1992 contained a
slightly larger number of food items than the one used in 1987. For
the present study, only those items common to both survey years were
considered for the combined analysis.

Analytic cohort. The potential analytic cohort for the present
study included all respondents =45 y old, who completed the FFQ as
part of the supplement to each survey (n = 14,769). From this
potentially eligible sample, we excluded subjects who left >5 items of
the FFQ incomplete or whose responses were considered invalid on
the basis of previous validation studies (n = 1198) (12,13). Respon-
dents with 1-5 incomplete FFQ) items were considered to be non-
consumers of the respective items. The mean age and BMI of respon-
dents excluded for incomplete or invalid FFQs were comparable to
those retained in the cohort; however, more of those excluded pro-
vided no information on smoking status, level of education, and
supplement use.

As recommended by the NCHS, respondents not eligible for an
NDI match due to lack of information to allow matching were

excluded from the analytic cohort (n = 229) (11). Finally, we
excluded respondents who self-reported a history of chronic disease(s)
(ischemic heart disease, cerebrovascular disease, any cancer except
skin, diabetes, and hypertension) at baseline (n = 3171), or for whom
the cause of death was accident or injuries (ICD-9 codes 800-999) (n
= 87). With these exclusions, the analytic cohort comprised 4146
men and 5938 women for 1987 and 1992 combined. The final
analytic cohort of 10,084 included 1005 deaths due to all causes in
men and 1282 deaths in women, for a total 79,345 person-years.

Determination of dietary patterns

Dietary score-based patterns. Prevalent dietary guidance rec-
ommends the consumption of fruits, vegetables, whole grains, low-fat
dairy, lean meat/poultry/fish and meat alternates such as beans/nuts/
and seeds (3). Dietary guidance also recommends certain dietary
behaviors to reduce saturated fat intake, e.g., removal of poultry skin
and fat from red meats. For this study, we modified the previously
reported RFS slightly to include meat alternates and behaviors related
to consumption of fat from meat or poultry skins. Thus, we examined
each FFQ for mention of food items that may be considered recom-
mended foods and desirable dietary behaviors related to removal of
poultry skin or fat from red meat. All decisions regarding these
criteria for being considered a healthy food or behavior were made
before beginning analysis. From the ~60-item FFQ, 23 items were
found to correspond to our criteria of recommended foods and in-
cluded the following: all fruits (orange juice or grapefruit juice; other
fruit juices; oranges; grapefruits; cantaloupes; apples or applesauce),
vegetables (carrots or mixed vegetables with carrots; tomatoes; green
salad; broccoli; spinach; mustard/collard greens; baked or boiled po-
tatoes; sweet potatoes), whole grains (cooked cereals such as oatmeal;
high-fiber cereals; dark breads; corn tortillas and breads), low-fat or
nonfat dairy (2 or 1% fat milk; skim milk), lean meats/poultry and
alternates (baked or broiled chicken and turkey; dry beans; nuts), for
a total of 23 items. The dietary behavior related questions in the FFQ
included “When you eat chicken or other poultry, how often do you
eat it with the skin on? Would you say often, sometimes, rarely, or
never?” and, “When you eat red meat, how often do you eat the fat?
Would you say often, sometimes, rarely, or never?”” Mention of a
recommended food at least 1 time/wk and mentioning that chicken
skin or fat on red meat was never or rarely eaten contributed 1 point
each to the overall score. We labeled the resulting dietary pattern a
Recommended Foods and Behavior Score or RFBS, maximum = 25.
The resulting score variable was operationalized as a continuous
variable and as approximate weighted quartiles based on distribution
across the entire cohort. The RFBS and RFS were highly correlated
(r = 0.97).

Factor analysis—derived dietary patterns. The responses to the
23 recommended food items and 2 behavior-related questions were
subjected to a principal components analysis (PCA), using PROC
FACTOR available in the SAS package (14). We used the appro-
priate NCHS assigned sample weights for NHIS in the PCA proce-
dures. We retained the first 3 components from this initial analysis on
the basis of eigenvalues (>1.25), proportion of explained variance
(=5%), and interpretability. The eigenvalues for components 1-3
were, 3.1, 1.7, and 1.3, and these 3 factors explained 12.5, 6.9, and
5.5%, of the variance, respectively. The retained components were
then rotated using varimax rotation to obtain an orthogonal solution.
Fruit, vegetable, and whole-grain items had high factor loadings in
the 1st factor and the factor was labeled as the fruit-vegetable-whole
grain factor. The 2nd factor was labeled as the ethnic pattern (beans,
corn bread/tortillas, and mustard greens loaded on this factor). The
3rd factor had high loadings for skim milk and behavior-related items
and was labeled as the low-fat pattern. Factor scores were computed
for the retained factors using the NFACT and OUT options in the
FACTOR procedure (14). Briefly, this option computes each sub-
ject’s factor score for the retained components by summing the
product of the optimal regression weights with the subject responses
to each item. The resulting score was then used as a continuous
exposure variable and to form categories of exposure from the sample
weighted quartiles of these scores.

Cluster analysis—derived dietary patterns. The responses to the
23 recommended foods items and 2 behavior-related questions were
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TABLE 1

Sociodemographic characteristics of respondents by approximate weighted quartiles
of the Recommended Foods and Behavior Scorel

Approximate quartiles of RFBS

Q1 Q2 Q3 Q4

0-8 9-11 12-14 =15
n 2219 2735 2866 2264
Age, 1y 58.9 = 0.3 60.0 = 0.3 60.3 = 0.3 61.1 = 0.3
BMI,1 kg/m2 25.9 + 0.1 25.9 + 0.1 25.7 = 0.09 25.4 + 0.1
RFBS? 6.3 = 0.05 10.0 = 0.02 12.9 + 0.02 16.5 = 0.04

%

Caucasian 82.3 85.0 86.0 85.8
Female 46.9 50.0 54.8 61.3
Aged =65y 30.0 33.7 34.5 37.6
<12 y of education 40.4 30.2 23.8 20.5
Income < $50,000/y 68.9 65.9 63.3 61.6
Below poverty 9.3 6.7 4.6 4.4
Never smokers 32.4 39.9 46.5 51.3
Current smokers 36.9 27.0 20.7 14.9
Former smokers 30.7 33.1 32.8 33.8
BMI > 24.9 54.4 55.2 52.9 48.1
Reported supplement use 39.9 44.6 53.7 57.2
Drink alcohol 54.4 56.9 571 60.3

1 Values are means + SEM. For each variable in the table, the test of heterogeneity among RFBS quartiles was significant (P < 0.0001).

also used in a cluster analysis by applying the FASTCLUS procedure
in SAS (15). This clustering procedure can efficiently determine a
prespecified number of disjoint clusters for a large data set such as the
NHIS. In this procedure, Euclidean distance is used to determine
which observations are close enough to belong to the same cluster.
All analyses were weighted with the appropriate NHIS sample
weights. The procedure was used to form different cluster solutions
ranging from 2 to 9 clusters. Considerable controversy exists regard-
ing criteria used for determining the number of clusters (16). Most
studies using cluster analysis choose the number of clusters after a
review of results obtained from running a number of different solu-
tions. We decided on a 4-cluster solution after examining the gain in
explained variance, understandability of the clustered dietary char-
acteristics, and cluster size for statistical power for subsequent out-
come analysis.

The 4-cluster solution also allowed comparison with quartiles of
RFBS and factor scores. The characteristics of the 4 clusters were as
follows: cluster 1, less likely to mention whole grains, low-fat or skim
milk, and to remove fat from meat and poultry; cluster 2, less likely
to mention most fruits and vegetables; cluster 3, less likely to mention
most fruits, and high-fiber cereals; cluster 4, highest proportion re-
porting weekly use of most items. We note that clusters obtained by
this analysis do not represent an ordered variable. Therefore, trend
tests with cluster-derived patterns are not valid. In our presentation
of results in this study, we chose to order the clusters according to
magnitude of risk reduction, with the least favorable serving as the
reference for comparison.

Analytic methods

Computation of person-years. The date of entry was Wednesday
of the week of interview within the quarter within the year of
interview (1987 or 1992), and the exit date was 12/31/97 or date of
death. When the date of death was given only as month and year, it
was set as the 15th of the month of the given year.

Statistical analysis. The relative risk of mortality associated with
categories of dietary patterns from various approaches was estimated
using Cox’s proportional hazards regression models with the SUR-
VIVAL procedure available in the SUDAAN software package
(17,18). SUDAAN software is designed for analysis of complex

survey data (17). Age was used as the time metric for the survival

analysis, and the baseline hazard in the proportional hazard regression
was stratified by year of birth (19). The variables available for co-
variate adjustment included year of the survey (1987 vs. 1992),
race/ethnicity, level of education (y), BMI computed from self-re-
ported body weight and height, smoking status, supplement use,
reported alcohol use, and total energy intake. The multivariate mod-
els to determine the independent association of dietary patterns with
mortality included all of the variables mentioned above. The vari-
ables to be included in these models were decided a priori based on
published information on established risk factors for poor health. All
analyses were stratified by sex and were weighted for the sample
weights. All statistical tests were two-tailed at the 0.05 level. Values
presented in the text are means * SE.

We also computed the population-attributable fraction using es-
timated multivariate- adjusted relative hazards from the Cox propor-
tional hazard regression models and its sample design-based SE using
the Taylor linearization method (Graubard, B. I. & Fears, T. R,
unpublished data).

RESULTS

Sociodemographic characteristics of respondents. The
mean age of the analytic cohort was 60.1 = 0.16 y, and range
was 45-90 y, at baseline. The median follow-up time was 5.9 y
(mean, 7.26 = 0.04). Respondents in the higher RFBS quar-
tiles had a higher level of education and income, a higher
proportion were never smokers, had a BMI < 25, and reported
use of supplements (P < 0.0001) (Table 1). The profiles of
respondents reporting higher fruit-vegetable-whole grain fac-
tor scores or those in the 4th cluster were similar to those of
respondents reporting a higher RFBS.* The RFBS and the
fruit-vegetable-whole grain factor scores were positively re-
lated (r = 0.84). The mean RFBS was higher in the 4th
relative to the other 3 clusters (P < 0.0001). RFBS and

4 Appendices 1 and 2 present sociodemographic characteristics of respon-
dents by quartiles of fruit-vegetable-whole grain factor scores, and by 4 clusters;
they are available with the online posting of this paper at www.nutrition.org.
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TABLE 2

Relative risk of all-cause mortality in relation to dietary patterns derived from 3 approaches, for men in the NHIS 1987, 19921

Multivariate adjusted,?2
n = 4007 (cases = 970)

Age-Survey year adjusted,
Dietary pattern n = 4146 (cases = 1005)

Approximate weighted quartiles of Recommended Foods and Behavior Score

0-8 1.0 (Reference) 1.0 (Reference)
9-11 0.87 (0.71-1.06) 0.88 (0.72-1.08)
12-14 0.77 (0.62-0.94) 0.84 (0.68-1.03)
=15 0.64 (0.51-0.80) 0.72 (0.56-0.92)
P for trend <0.0001 0.001

Weighted quartiles of factor 1 (fruit-vegetable-whole grain factor) score

1st Quartile 1.0 (Reference) 1.0 (Reference)
2nd Quartile 0.85 (0.69-1.04) 0.92 (0.74-1.13)
3rd Quartile 0.74 (0.60-0.91) 0.84 (0.68-1.06)
4th Quartile 0.63 (0.50-0.79) 0.74 (0.57-0.95)
P for trend <0.0001 0.002
Patterns from clusters

Cluster 1 1.0 (Reference) 1.0 (Reference)
Cluster 2 0.82 (0.67-1.01) 0.94 (0.76-1.16)
Cluster 3 0.75 (0.61-0.93)a 0.87 (0.71-1.07)
Cluster 4 0.65 (0.54-0.79)b 0.82 (0.66-1.01)c

1 Values are estimated relative risk (95% ClI). Letters within a column indicate significant difference from the reference cluster, 2P = 0.009; b P
< 0.0001; ¢P = 0.05.
2 The multivariate-adjusted models included: age, year of survey (1987 or 1992), race, BMI, education in years, smoking status, supplement use,

alcohol use, and energy intake. Multivariate models include only those with complete covariate information.

fruit-vegetable-whole grain factor scores were related posi-
tively with reported energy, dietary fiber, and micronutrient
intake but negatively with total and saturated fat intake (P
< 0.05). Similarly, in the 4th cluster, the mean total and
saturated fat intakes were lower but micronutrient intake was
higher relative to other clusters (P < 0.05; data not shown).

Relative risk of all-cause mortality associated with various
dietary patterns. In men, a strong inverse trend of risk of
all-cause mortality (P < 0.0001) in relation to RFBS and
fruit-vegetable-whole grain factor scores was noted in age-
survey year-adjusted models (Table 2). Similarly, the risk was
significantly lower in clusters 3 and 4 relative to the Ist cluster.

After multivariate adjustment, the inverse association of RFBS
and fruit-vegetable-whole grain factor scores with risk of mor-
tality remained significant (P = 0.002), with the highest REBS
or fruit-vegetable-whole grain factor score quartiles showing
risk reduction of ~26-28% relative to the lowest categories.
In patterns derived from cluster analysis, the multivariate-
adjusted risk was lower in the 4th cluster relative to the 1st
cluster by 18% (P = 0.05).

In women, a strong inverse trend of risk of all-cause mor-
tality (P = 0.007) in relation to RFBS and fruit-vegetable-
whole grain factor scores was noted in age-survey year-adjusted
models (Table 3). Similarly, the risk was significantly lower in

TABLE 3

Relative risk of all-cause mortality in relation to dietary patterns derived from 3 approaches, for women in the NHIS 1987, 19921

Dietary pattern

Multivariate adjusted,?
n = 5690 (cases = 1217)

Age-Survey year adjusted,
n = 5938 (cases = 1282)

Approximate weighted quartiles of Recommended Foods and Behavior Score

0-8

9-11

12-14

=15

P for trend
Weighted quartiles of factor 1 (fruit-vegetable-whole grain factor) score

1st Quartile

2nd Quartile

3rd Quartile

4th Quartile

P for trend
Patterns from clusters

Cluster 1

Cluster 2

Cluster 3

Cluster 4

1.0 (Reference) 1.0 (Reference)
0.96 (0.78-1.19) 0.95 (0.76-1.18)
0.80 (0.64-0.98) 0.80 (0.64-1.02)
0.78 (0.63-0.97) 0.80 (0.61-1.04)

0.005 0.04

1.0 (Reference) 1.0 (Reference)
0.89 (0.74-1.08) 0.89 (0.72-1.08)
0.81 (0.66-1.01) 0.81 (0.64-1.02)
0.81 (0.66-0.98) 0.87 (0.67-1.11)

0.007 0.09

1.0 (Reference) 1.0 (Reference)
0.90 (0.73-1.10) 0.93 (0.75-1.16)
0.90 (0.73-1.11) 0.93 (0.74-1.17)
0.83 (0.69-1.00)a 0.88 (0.72-1.09)

1 Values are estimated relative risk (95% CI). a Different from the reference cluster, P = 0.04.

2 The multivariate-adjusted models included: age, year of survey (1987 or 1992), race, BMI, education in years, smoking status, supplement use,

alcohol use, and energy intake. Multivariate models include only those with complete covariate information.
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the 4th cluster relative to the Ist (P = 0.04). With multivar-
iate adjustment, the risk estimates were attenuated and only
the RFBS remained a significant predictor in these models.
Women in the highest REBS quartile had a 20% lower risk of
mortality (P for trend 0.04). The multivariate-adjusted trends
for the association of mortality with dietary patterns reflected
in the ethnic factor (factor 2) or the low-fat factor (factor 3)
were not significant (P for trend > 0.05) in men or women
(data not shown). The population-attributable fraction for
RFBS was 0.16 = 0.08 in men and 0.09 = 0.07 in women.

To exclude the possibility that the observed associations
may be due to preclinical or unreported disease at baseline
(which may affect dietary intake adversely and result in early
mortality), we repeated the regression analyses mentioned
above after exclusion of events occurring in y 1 of follow-up
(193 deaths). The associations observed above were un-
changed by these exclusions. We also examined the possibility
that exclusion of respondents with incomplete or invalid FFQs
(n = 1198) may have biased our results. In regression models
that included respondents with FFQs determined to be invalid
in our study, the association of dietary pattern variables and
mortality remained significant (P < 0.05). Finally, we tested
the interaction of dietary pattern variables and age by includ-
ing an interaction term in regression models; in all cases, the
interaction term was not significant.

Correspondence of healthy dietary patterns from 3 ap-
proaches. An approximately similar proportion of respon-
dents mentioned the use of recommended foods and desirable
dietary behaviors in the highest RFBS quartile, the highest
quartile of fruit-vegetable-whole grain factor score, and the
desirable dietary cluster (Table 4). Relative to the population
average, respondents in the 4th quartiles of RFBS or the
fruit-vegetable-whole grain factor scores or the 4th cluster had
lower total fat and saturated fat intakes but higher micronu-
trient intakes (Table 5).

DISCUSSION

Our results support the notion that dietary patterns that
included foods and behaviors recommended in current dietary
guidance (fruits, vegetables, whole grains, low-fat dairy, lean
meats and alternatives) were associated with a lower risk of
mortality at 5.9 y of follow-up irrespective of the approach
used for determining dietary patterns. Although the magni-
tude of risk reduction in association with dietary patterns was
relatively modest, given the universality of dietary exposure,
the population-attributable fraction is substantial. We esti-
mate that ~16 and 9% of mortality from any cause in men and
women, respectively, could be eliminated by adoption of de-
sirable dietary behaviors reflected in the 4th quartile of REBS.

To our knowledge, this is the first study to examine dietary
patterns in relation to mortality in a nationally representative
U.S. cohort while using appropriate sample weights and software
to adjust for the differential probabilities of selection of subjects
according to survey design and nonresponse. Previous studies
were limited to specific nonrepresentative cohorts; for example,
in the screening cohort of BCDDP (7), dietary patterns were
examined in relation to all-cause mortality, and in The Nurses’
Health Study and the Health Professionals’ Study cohorts, the
outcome was risk of major chronic diseases (20-22).

In this study, relative to the lowest RFBS quartile, the risk
of mortality for men and women in the highest RFBS quartile
was 28 and 20% lower, respectively. The magnitude of risk
reduction in association with dietary patterns derived from the
relatively simple scoring system used in the present study
agrees with other such reports using different methods for

TABLE 4

Reported consumption of food items at least 1 time/wk by
entire cohort and subgroups with the healthiest diet patterns,
derived from 3 approaches, NHIS 1987, 19921

4th
RFBS  Quartile 4th

All =15 factor 12 Cluster
n 10084 2264 2521 3178
%
Orange/grapefruit juice 64.4 85.4 86.7 83.5
Other fruit juice 38.6 63.9 58.1 56.4
Oranges 37.3 66.6 70.0 67.4
Grapefruit 22.6 48.1 50.1 45.2
Cantaloupe (in season) 51.7 78.4 78.4 76.9
Apples 62.5 914 91.4 89.8
Carrots 66.1 91.6 94.1 89.7
Tomato 82.0 96.0 99.3 94.1
Salad 80.4 94.1 98.9 92.7
Broccoli 47.6 79.9 84.4 77.5
Spinach 20.2 421 40.8 37.3
Mustard/collard greens/kale 12.0 20.6 13.1 13.9
Baked potato 84.1 94.0 94.0 91.0
Yam/sweet potato 11.6 254 14.9 18.7
Baked/broiled chicken 49.9 75.8 73.0 74.6
Dry beans 42.2 60.5 50.4 53.6
Peanuts/peanut butter 40.7 56.5 46.2 471
Cooked cereal 31.2 56.2 39.1 47.7
High fiber cereal 41.0 69.3 60.7 65.6
Dark bread 62.4 86.3 85.3 83.1
Corn bread/tortillas 24.4 34.9 21.0 26.8
2% milk 26.5 34.5 32.2 31.6
Skim milk 20.5 36.9 29.6 295
Never/rarely eat fat on red meat ~ 78.3 91.5 78.6 89.9
Never/rarely eat poultry skin 56.1 76.5 59.3 75.2

1 Values are percentages.
2 Fruit-vegetable-whole grain factor.

deriving dietary patterns. Using a variety of indices to reflect
dietary patterns, several studies reported an inverse association
of diet quality indices and all-cause mortality (7,23-31). Two
of these studies assessed the diet for Mediterranean diet char-
acteristics in small cohorts of elderly men and women in
Greece and Denmark and found a 17-20% reduction in smok-
ing-adjusted risk of mortality with a 1 unit increase in the diet
score (27,29). A recent study of >22,000 adults in Greece
confirmed the risk reduction in those with patterns consistent
with the traditional Mediterranean diet (26). A 13% reduc-
tion in age-, smoking-, and alcohol-adjusted risk of mortality
in men (n = 3045) in the highest 3rd of a Healthy Diet Index
was noted in selected cohorts of the Seven Countries Study
(28). We found that women in the highest RFS quartile had a
30% lower risk of all-cause mortality (7). Michels and Wolk
modified the RFS to suit the Swedish diet and reported a 42%
lower risk of mortality in the highest quintile of women in a
Swedish Mammography Screening cohort (n = 59,038) (31).
Conversely, Osler et al. (32) (n = 7316) reported no associ-
ation of their 4-point Healthy Food Index with all-cause
mortality.

As is evident from Tables 4 and 5, the association of dietary
patterns with risk reduction was stronger in men than women.
Others have also reported similar sex/gender differences in the
strength of the association of dietary patterns with health
(20-23). The reasons for the observed differences in diet-
associated risk of mortality may be biological or due to gender
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TABLE 5

Nutrient intakes of entire cohort and subgroups with the healthiest diet patterns,
derived from 3 approaches, NHIS 1987, 19921

All RFBS = 15 4th Quartile factor 12 4th Cluster
n 10084 2264 2521 3178
Energy, kJ 5786 = 67 6493 =+ 63 6393 =+ 63 6259 =50
Energy from saturated fat, % 12.8 £ 0.04 11.3 = 0.1 11.7 = 041 114 = 0.1
Energy from total fat, % 37 = 0.1 33 = 0.2 34 = 0.2 34 = 0.2
Fiber, g 11 = 041 15 = 0.1 14 = 01 14 = 041
Vitamin C, mg 124 = 11 181 = 25 179 = 23 174 = 1.9
Vitamin E,3 a-TE 7.4+ 0.1 89+ 0.1 8.6 = 0.1 85+ 0.1
Folate, ng 247 += 1.4 316 + 3.2 306 * 3.0 303 = 3
Carotenoids, ug 3087 £ 31 4651 =*£72 4340 =62 4302 =58
Calcium, mg 686 =+ 5.2 820 =11 772 = 9 765 = 8

1 Values are means + SEM.
2 Fruit-vegetable-whole grain factor.
3 o-TE, a-tocopherol equivalents; RE, retinol equivalents.

differences in some unmeasured, uncontrolled confounder.
These gender differences notwithstanding, the trend for a
protective effect of patterns comprised of recommended foods
and behaviors in women was in a similar direction to that of
men.

Few studies have compared the relation of dietary patterns
derived from various approaches with a specific outcome, after
similar control for confounding in a cohort. The dietary pat-
terns reflected in the RFBS are driven by existing diet-disease
hypotheses, whereas the factor and cluster analyses in this
study were data driven. To ensure comparability among meth-
ods, we limited the dietary variables used for factor and cluster
analysis to those used for deriving the REBS. Other investiga-
tors also make arbitrary decisions about collapsing FFQ items
into a smaller number of groups before proceeding with factor
analysis (5). In our study, the results from RFBS and factor
analysis were comparable; however, the REBS has the advan-
tage of easy interpretability and reproducibility. Although
results from other studies that compared dietary patterns from
different approaches are not directly comparable to our results,
it is still informative to examine these studies. Osler et al. (32)
compared the predictive ability of dietary patterns derived
from factor analysis with their 4-point Healthy Food Index.
The pattern described as “prudent” in that study was a stronger
predictor of mortality relative to the Healthy Food Index. In a
recent evaluation of dietary patterns in association with hy-
pertension in a large European cohort, factor analysis—derived
patterns were unrelated to hypertension; however, the 3rd
quartile of a score based on the DASH dietary patterns was a
predictor of incident hypertension (33). McCann et al. (34)
also found simple methods for categorizing foods into groups to
be as successful as factors generated by PCA for discriminating
between endometrial cancer cases and controls. Haveman-
Nies et al. (35) found that a Mediterranean diet score was
associated with dietary cluster—derived patterns in a predict-
able direction. In the present study, apart from the 4th cluster,
the other 3 clusters showed little variation in RFBS.

The data from our study should be interpreted with the
following limitations in mind. The NHIS data provide no
information on the level of physical activity, an important
confounder of the association of diet and disease. Inclusion of
physical activity may attenuate the risk estimates reported
herein. We note, however, that the multivariate regression
models included both the BMI and total energy intake; to-
gether, the 2 may capture some of the variability in physical

activity (or contribution of physical activity to mortality).
Also, energy intake may at least partially reflect the level of
physical activity (36). Nevertheless, due to the association of
dietary behaviors with other lifestyle factors, the possibility of
residual confounding due to poorly measured variables related
to diet and mortality cannot be ruled out.

Finally, all retrospective methods of assessing diet including
the FFQ used in this study are subject to measurement error,
which may lead to misclassification of respondents into dietary
exposure categories (37,38). However, in the present study,
dietary patterns were determined from dietary variables opera-
tionalized as whether recommended foods were mentioned at
least once weekly without consideration for frequency of use
and portion size, components of FFQ especially likely to be
misreported (39,40). The cognitive ability of respondents to
provide the portion size and detailed frequency of use of FFQ
items is believed to be questionable (39). Thompson et al. (41)
reported that the percentage of consumers or nonconsumers of
an FFQ item showed a high degree of agreement with con-
sumers or nonconsumers identified from daily food reports;
however, the monthly frequency of use of FFQ items showed
systematic bias. A recent report confirms previous findings that
portion size in the FFQ contributed a relatively limited
amount of information to the percentage of explained variance
in food intake (40,42). We have found the RFBS reported here
and a version of the RFBS that incorporates weekly frequency
of use of items to be highly correlated, with the RFBS com-
puted from at least weekly mentions of food items explaining
71% of the variance in the RFBS computed from weekly
frequency of FFQ items. Therefore, although our approach is
unsuitable for quantitative estimates of food and nutrient
intake, we speculate that it is somewhat successful in differ-
entiating between people who consume or do not consume the
recommended foods.

In conclusion, our data suggest that the recommendation
for consuming fruits, vegetables, lean meat/poultry and alter-
natives, low-fat dairy, and whole grains has considerable merit
for improving health outcomes in the U.S. population.
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